AB STRACT: Studies on seasonal changes of heavy metal concentration in soils provide vital information for best management options at all times. The study investigated temporal variation in concentration of heavy metals in three towns having automobile service centres in Imo State. The study site is characterized by two major seasons in a year. Heavy metals were found in both arable and automobile soils, but more concentrations were recorded on the latter. Mean values of Cd, Cr, Ni, Hg and Pb were 6.2 mg/kg, 4.7 mg/kg 6.5 mg/kg, 0.02 mg/kg and 71.9 mg/kg respectively in the dry season while 2.9 mg/kg Cd, 2.2 mg/kg Cr, 1.9 mg/kg Ni, 0.01 mg/kg Hg and 51.9 mg/kg Pb were recorded during the rainy season of the experimental period. Higher values of heavy metal concentration were found in automobile soils as follows: 18.1 mg/kg Cd, 12.0 mg/kg Cr, 16.3 mg/kg Ni, 4.8 mg/kg Hg and 312.8 mg/kg Pb in rainy season, and 15.1 mg/kg Cd, 8.1 mg/kg Cr, 11.9 mg/kg Ni 2.7 mg/kg Hg and 267.9 mg/kg Pb. However, Cd showed highest variability in arable soils during the dry season (CV=79%) while Hg varied widely in automobile soils in the rainy season (CV=54%).
INTRODUCTION
Heavy metals are naturally present in soils (Ojanuga, et al.,1996) but anthropogenic activities have resulted in high concentrations in the environment (He, et al., 2004) . Motor vehicle servicing centres popularly called 'mechanic villages' are sources of automobile wastes in urban and peri-urban areas of Imo State, Nigeria. In these locations, fossil fuel products are used leading to excess accumulation of various forms of heavy metals. These accumulations deteriorate nearby farms and cause non-point-source pollution. But these heavy metals vary with seasonal changes (Aiyesanmi, 2005) . The major objective of this study was to assess the status of heavy metals in soils with seasonal changes.
The assumption is that heavy metal concentration in excess of critical levels could lead to agronomic and environmental problems.
MATERIALS AND METHODS Location
The study site is Imo State, southeast Nigeria, bounded by Latitudes 4 0 40 1 and 8 0 15 1 N and longitudes 6 0 40 1 and 8 0 15 1 E. It lies within the humid tropics. Temperatures are high and change slightly during the year (mean daily temperature is about 27 o C). The average annual rainfall is about 2400 mm. There is a distinct dry season of about 3 months of dryness. Imo State has a rainforest vegetation characterized by multiple tree species.
Geology and geomorphology
The predominant parent material underlying Imo State from which most of the soils are formed are the coastal plain sands popularly known as "Acid Sands" (Orajaka, 1975) . A greater proportion of the land surface of Imo State is of flat topography.
Soils
Soils of the study site have been classified as Typic Paleudult/Dystric Nitosol for Owerri and Orlu towns; and Plinthic Tropudult/Plinthic Acrisol for Okigwe town (Federal Department of Agricultural land Resources, 1985) . They are acidic, have low cation exchange capacity, low base saturation, and low fertility status, usually suffering from multiple nutrient deficiencies. Soil fertility is maintained by fallow, whose length is fast reducing due to high demographic pressure (Onweremadu, 1994) . Farming is a major economic activity even in urban areas where patches of subsistence farms are found.
Field survey
Sixty soil surface samples were collected from the study, 30 of which were from automobile-wasteaffected soils while the rest 30 soil samples were from nearby, unaffected arable land. These soil samples were collected from three locations, namely Owerri, Orlu and Okigwe, and in the months of January and July 2005 for dry and rainy seasons respectively. Soil samples were prepared by air-drying and sieving using 2-mm aperture.
Laboratory methods
Particle size distribution was determined by hydrometer method according to the procedure of Gee and Bauder (1986). Total porosity was calculated from values of bulk density obtained by clod method (Blake and Hartge, 1986), at an assumed particle density of 2.65g/cm 3 . Mathematically, it is expressed as follows: f = 100% -(BD x 100)… (Vomocil, 1965; Foth 1984) PD 1 X Where f = total porosity (%) BD = bulk density (g/cm 3 ) PD = assumed particle density (2.65g/cm 3 )
Moisture content was determined gravimetrically thus:
Øm s = Wet Soil sample -dry soil sample x 100 Dry soil sample 1
Where øm s = gravimetric moisture content (saturated) (%) Exchangeable basic cations were estimated by complexometric titration and flame photometry (Jackson, 1958) . Exchangeable acidity was measured by the procedure of McLean (1965) . Cation exchange capacity (CEC) was determined by the neutral ammonium acetate method as described by Chapman (1965) . Percent base and aluminium saturations were calculated as follows:
Base saturation=Total exchangeable basic cations x 100 CEC 1 Aluminium saturation = Exchangeable aluminium x 100 CEC 1 These calculations on the basis of their proportion of the total exchanging capacity allow for simpler comparisons between soils of contrasting cation exchange capacity (Billet and Cresser, 1996) . Total carbon was measured by Walkley and Black wet digestion method (Nelson and Sommers, 1982) and organic matter was obtained by multiplying total carbon by a factor of 1.724. Total nitrogen was determined using micro-kjeldahl (Bremner and Mulvaney, 1982) , while available phosphorus was estimated using Bray II method (Bray and Kurtz, 1954) . Soil reaction was measured according to the procedure of Henderson, et al. (1993) . Digestion of soil samples for heavy metals was carried out with a mixture of concentrated HClO 4 and HNO 3 at a ratio of 2:1 and heavy metals were extracted using 0.5M HCl (Lacatusu, 2000) . The heavy metals concentrations in the supernatant were determined using Atomic Absorption Spectrophotometer Alpha 4 model.
Statistical analyses.
Mean and coefficient of variation were used to ascertain seasonal variability of metals. Ranking of variability was done using the method of Aweto (1982) as follows: Little variation (CV = less than 20%) Moderate variation (CV = 20-50%) High variation (CV = greater than 50%)
RESULTS

Temporal variability in soil properties
Soil properties in arable and automobile soils are shown in Tables 1 and 2 respectively. Total sand dominated the other size fractions in the study site. Silt content decreased by 50% in rainy season in both arable and automobile soils. Exchangeable bases were generally higher in dry season in both arable and automobile soils. Higher values of total carbon were recorded in the rainy season which could be as a result of lower soil temperatures leading to reduced pedogenic process of decomposition. There were higher values of total carbon in automobile soils. Available phosphorus was also higher in rainy season in both arable and automobile soils. Organic carbon content may have influenced the distribution pattern of available phosphorus which is associated with low solubility.
Temporal variability of heavy metals concentration
Occurrence and distribution of heavy metals with seasons are shown in Tables 3 and 4 for arable and  automobile soils respectively. 
